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Regulation of acid-base equilibrium in chronic hypercapnia. Previous
studies from this laboratory have demonstrated that the decreased renal
bicarbonate reabsorption prevailing during chronic hypocapnia is not
mediated by the alkalemia that normally accompanies this acid-base
disturbance but by some direct consequence of the change in PaCO2
itself. Based on the reasonable expectation that the mechanisms un-
derlying the kidney's response to primary respiratory disturbances
would be similar over the entire spectrum of physiologic carbon dioxide
tensions, the present study was designed to assess whether an acidic
change in systemic pH is a critical factor in the renal response to
chronic hypercapnia. For this purpose, the plasma and renal responses
to chronic respiratory acidosis in normal dogs were compared to those
in dogs chronically fed a large hydrochloric acid (HCI) load (7
mmoles/kg/day). Exposure to 6% carbon dioxide for 7 days in a large
environmental chamber induced a stable increment in PaCO2 which
averaged 17 0.5 and 22 1.3mm Hg in normal and HC1-fed animals,
respectively. Steady-state plasma bicarbonate concentration rose from
22,0 0.4 to 27.1 0.5 mEq/liter in normals and from 14.7 0.7 to
24.2 0.8 mEq/liter in the HCI-fed group. As a result of these changes
in PaCO2 and plasma bicarbonate, steady-state plasma hydrogen ion
concentration rose in normals from 41 0.8 to 49 0.9 nEqlliter (pH
7.39 0.01 vs. 7.31 0.01) but did not change significantly in the
HCI-fedgroup(55 1.4 vs. 56 1.4nEq/Iiter; pH 7.26 0.01 vs. 7.25
0.01). These results indicate that a decrement in systemic pH is not
prerequisite to the augmentation of renal bicarbonate reabsorption
required for sustaining the secondary hyperbicarbonatemia character-
istic of chronic hypercapnia. We conclude that the renal response to
chronic respiratory acidosis is mediated by factors other than a simple
change in systemic pH.
Regulation de l'equilibre acido-basique lors de l'hypercapnie
chronique. Des Ctudes antérieures provenant de ce laboratoire ont
démontré que la diminution de la reabsorption rénale des bicarbonates
se produisant lors d'une hypocapnie chronique n'est pas mCdiée par
l'alcalCmie qui accompagne normalement cette perturbation acido-
basique, mais par quelque consequence directe du changement de
PaCO2 lui-méme. En se fondant sur l'hypothese raisonnable que les
mécanismes sous-jacents a Ia réponse rénale a des alterations
respiratoires primitives seraient semblables pour le spectre entier des
tensions en carbonique physiologiques, cette étude a été concue pour
prdciser si une modification acide du pH systémique est un facteur
critique pour Ia rCponse rénale a l'hypercapnie chronique. Pour cela, les
reponses renale et plamatique a une acidose respiratoire chronique chez
des chiens normaux ont eté comparées a celles de chiens nourris de
facon chronique avec une grande charge en acide chlorhydrique (HCI)
(7 mmoles/kg/jour). L'exposition a 6% de dioxyde carbonique pendant
7 jours dans une grande chambre environementale a induit une
élévation stable de PaCO2 qui était en moyenne de 17 0,5 et de 22
1,3 mm Hg chez les animaux normaux ou recevant HCI, respective-
ment. La concentration de bicarbonates plasmatiques a l'equilibre a
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augmenté de 22,0 0,4 a 27,1 0,5 mEq/litre chez les normaux et de
14,7 0,7 a 24,2 0.8 mEq/litre dans le groupe HCI. Comme
consequence de ces modifications de Ia PaCO2 et des bicarbonates
plasmatiques, Ia concentration plasmatique en ion hydrogène a
l'équilibre a cru chez les normaux de 41 0,8 a 49 0,9nEq/litre (pH
7,39 0,01 contre 7,31 0,01) mais n'a pas change significativement
dans le groupe HC1(55 1,4 contre 56 1,4 nEq/litre; pH 7,26 0,01
contre 7,25 0.01). Ces résultats indiquent qu'une diminution du pH
systdmique n'est pas nécessaire pour augmenter la reabsorption rénale
des bicarbonates requise pour maintenir l'hyperbicarbonatemie
secondaire caractéristique de I'hypercapnie chronique. Nous concluons
que Ia réponse rénale a l'acidose respiratoire chronique est médiée par
d'autres facteurs qu'un simple changement du pH systémique.
When the normal organism is challenged by a persistent
elevation in carbon dioxide tension, the kidney responds with a
transient increase in renal net acid excretion and a persistent
augmentation in bicarbonate reabsorption [1]. These changes in
renal function are responsible for the generation and main-
tenance, respectively, of the secondary hyperbicarbonatemia
characteristic of chronic respiratory acidosis. The factors that
mediate this renal response remain elusive. Because secondary
hyperbicarbonatemia has a salutary effect on systemic pH, it is
commonly assumed that the kidney's response to persistent
hypercapnia is homeostatic in nature, that is, triggered by the
hypercapnia-induced fall in pH and sustained by the lingering
acidemia characteristic of chronic respiratory acidosis. This
view recently has acquired experimental support from acute in
vitro microperfusion studies suggesting that the pH of the
pentubular and luminal fluids is the critical determinant of the
rate of proximal acidification [2, 3].
A similar line of reasoning had been in vogue to explain the
secondary hypobicarbonatemia associated with chronic respira-
tory alkalosis. Recent studies from this laboratory, however,
have successfully dissociated the renal response to reduced
PaCO2 from the accompanying change in systemic pH; typical
adaptive changes in renal function, that is, a transient reduction
of net acid excretion and a persistent dampening of bicarbonate
reabsorption, were observed during chronic hypocapnia even
under circumstances in which alkalinization of the body fluids
did not occur [4, 5]. Indeed, experimental conditions can be
arranged such that the kidney's response to hypocapnia actu-
ally results in a paradoxical, maladaptive fall in systemic pH.
These observations suggest that hypocapnia itself modifies
renal tubular function directly, without the mediation of
hypocapnia-induced alkalemia.
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Because the mechanisms underlying the kidney's response to
primary respiratory disturbances are likely to be similar over
the entire spectrum of physiologic carbon dioxide tensions, we
sought to determine whether hypercapnia could persistently
augment renal bicarbonate reabsorption without the mediation
of hypercapnia-induced acidemia. For this purpose, we com-
pared the way in which normal dogs and dogs with sustained
hydrochloric acid (HC1)-acidosis (and, hence, primary
hypobicarbonatemia) respond to chronic hypercapnia. The re-
sults support the view that an elevated PaCO2 does, indeed,
exert a direct, non-pH-mediated effect on renal bicarbonate
reabsorption.
Methods
Studies were carried out on 19 female mongrel dogs, weighing
from 12.2 to 24.1 kg. All animals were fed 30 g/kg per day of a
synthetic diet for at least 3 days prior to the control period and
throughout the period of study. The diet contained less than 1.0
mEq sodium/lOO g, less than 0.1 mEq potassium/lOO g, and less
than 0.5 mEq chloride/l00 g [61. The daily diet was homog-
enized with twice its weight of distilled water and supplemented
with 2.5 mEq/kg body wt of potassium as neutral phosphate and
2.5 mmole s/kg body wt of sodium chloride. Animals that did not
eat spontaneously were tube-fed and animals that vomited were
excluded from further study. Blood samples were obtained by
percutaneous arterial puncture; rectal temperature was mea-
sured at the time of blood sampling. During each period of
study, an animal was judged to be in a steady-state of acid-base
equilibrium when neither PaCO2 nor plasma bicarbonate con-
centration varied by more than 5% near the respective mean
value on 3 consecutive days.
Experimental design
Studies were conducted according to the following two
protocols:
Protocol 1 —Adaptation to chronic hypercapnia during chronic
HCI-induced metabolic acidosis (N = 10).
This protocol was designed to determine the influence of
chronic hypercapnia on steady-state acid-base equilibrium dur-
ing chronic HCI-induced metabolic acidosis.
Control period. A 5-day control period was obtained to
establish a normal baseline.
Uncomplicated metabolic acidosis. Hydrochloric acid, 7
mmoles/kg body wt, was added to the daily diet and observa-
tions were carried out for 7 days, a period known to be sufficient
to ensure the development of a new steady-state [7].
Metabolic acidosis plus chronic hypercapnia. While continu-
ing daily acid feeding, we induced chronic hypercapnia by
exposing each animal to an FiCO2 of 6% in a large environmen-
tal chamber for a period of 7 days' [8]. Previous observations in
non-acid-fed animals [1, 9] as well as preliminary observations
in HCI-fed animals had indicated that a 7-day period of expo-
sure to an elevated PaCO2 was sufficient to establish a new
steady-state of acid-base equilibrium. A normal ambient oxygen
concentration of 21% was utilized throughout the study. Com-
'Exposure to the high environmental carbon dioxide concentration
appeared to produce no ill effects; all ten animals remained easy to
manage, alert, and active.
plete metabolic balance observations were obtained on four
animals during the uncomplicated metabolic acidosis period and
during the hypercapnic period.
Protocol 2 — Adaptation to chronic hypercapnia in non-acid-
fed (normal) dogs (N = 9).
This protocol was designed to provide contemporary control
observations.
Control period. A 5-day control period was obtained to
establish a normal baseline.
Uncomplicated chronic hypercapnia. Chronic hypercapnia
was induced by exposing the animals to a FiCO2 of 6%
according to the same procedure used in Protocol 1.
Analytical methods
Methods used for determining sodium, potassium, chloride,
phosphorus, ammonium, titratable acid, net acid, creatinine,
and nitrogen have been reported previously [10] as have the
balance techniques [10]. Total carbon dioxide was measured by
an autoanalyzer (Technicon Instruments Corporation, Tar-
rytown, New York, USA). The results were confirmed daily by
the manometric technique of Peters and Van Slyke according to
a protocol previously described [11]. pH was measured
anaerobically at 39°C by glass electrode [11]. Bicarbonate
concentration and PaCO2 were calculated from the Henderson-
Hasselbalch equation. pH, pK and the solubility coefficient of
carbon dioxide were corrected for temperature; pK was also
corrected for pH [12—14].
Throughout the text the terms "significant" or "significantly
different" will be used to describe a difference which has a P
value of less than 0.01, unless otherwise noted.
Results
Steady-state plasma values for the control period and each
experimental period were obtained for each animal by averag-
ing the three plasma determinations made during the last 3 days
of the respective period.
Protocol] —Adaptation to chronic hypercapnia during chronic
HCI-induced metabolic acidosis
Plasma data
The plasma acid-base composition for each day of observa-
tion in a representative animal is depicted in Figure 1. Table 1
depicts mean steady-state values for plasma acid-base and
electrolyte composition during control, HC1-feeding, and super-
imposed hypercapnia.
Uncomplicated metabolic acidosis. For the group as a whole,
administration of HCI at a dose of 7 mmoles/kg body wt per day
led to a significant decrease in mean plasma bicarbonate con-
centration from a control value of 21.8 to 14.7 mEq/liter; mean
PaCO2 fell significantly from 37 to 32 mm Hg. As a conse-
quence, mean plasma hydrogen ion concentration increased
significantly from a control value of 42 to a value of 55 nEq/liter.
Plasma sodium and potassium concentrations decreased signifi-
cantly and plasma chloride concentration increased signifi-
cantly. Unmeasured anion concentration (defined as the sum of
sodium and potassium minus the sum of bicarbonate and
chloride) decreased significantly, but no significant changes in
phosphate and creatinine concentrations or in hematocrit were
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Fig. 1. Changes in steady-state plasma acid-base composition pro-
duced by chronic hypercapnia in a representative animal with chronic
HCI-acidosis. Note that the plasma bicarbonate concentration rose
markedly in response to the superimposition of chronic hypercapnia but
that the plasma hydrogen ion concentration did not increase further.
noted. These findings are virtually identical to those observed in
previously reported studies in which dogs were fed the same
daily dose of hydrochloric acid [4, 5, 7].
Metabolic acidosis plus chronic hypercapnia. Exposure to a
FiCO2 of 6% resulted in a significant increase in mean PaCO2
from 32 to 54 mm Hg. Mean plasma bicarbonate concentration
rose significantly from 14.7 to a value of 24.2 mEq/liter; as a
consequence, mean plasma hydrogen ion concentration did not
change significantly (P > 0.90), averaging 55 1.4 nEq/liter
during HC1-acidosis and 56 1.4 nEq/liter during the super-
imposition of chronic hypercapnia (pH 7.26 0.01 vs. 7.25
0.01). Plasma chloride concentration fell significantly. A slight
but significant increment in plasma sodium occurred, but no
significant changes in plasma potassium, unmeasured anions,
phosphate, creatinine, and hematocrit were noted.
Urine and balance data
The cumulative changes in urinary net acid and electrolyte
excretion during adaptation to a 6% CO2 atmosphere were
estimated for each animal by summing the differences between
the mean daily excretion during the last 3 days of the uncom-
plicated metabolic acidosis period and the daily excretion for
each of the first 4 days of hypercapnia; a 4-day interval was
used because all animals had reached a steady-state of acid-
base and electrolyte composition by this time. As shown in
Figure 2 and Table 2, adaptation to hypercapnia was ac-
companied by a significant increase in cumulative net acid
excretion averaging 74.9 mEq. The major portion of this in-
crease in net acid excretion was accounted for by a significant
increase in ammonium excretion which averaged 63.8 mEq.
The remainder of the increase in net acid excretion was due to
a significant increase in titratable acidity, which averaged 11.5
mEq (P < 0.02). Bicarbonate excretion increased minimally,
but significantly, by a mean value of 0.33 mEq (P < 0.05). Urine
pH increased slightly but significantly, averaging 5.27 during
uncomplicated metabolic acidosis and 5.39 during the 6% CO2
exposure. There was a significant mean cumulative loss of
sodium, which averaged 14.7 mEq (P < 0.05) and a significant
mean cumulative loss of chloride, averaging 51.6 mEq. Urinary
phosphate excretion increased significantly by a mean value of
13.5 mmoles (P < 0.02). There was no significant change in
urinary potassium excretion and no significant change in nitro-
gen balance. The observed changes in urinary composition are
virtually identical to those reported previously in normal dogs
exposed to comparable degrees of persistent hypercapnia [91.
Protocol 2 — Adaptation to chronic hypercapnia in non-acid-
fed (normal) dogs
Table I depicts mean steady-state values for plasma acid-
base and electrolyte composition during control and exposure
to 6% FiCO2. As expected from earlier studies [9], steady-state
values for plasma bicarbonate and hydrogen ion concentrations
rose significantly during chronic hypercapnia. Plasma chloride
concentration fell significantly. Slight but significant increments
in plasma sodium, potassium, and unmeasured anions oc-
curred, but no significant changes in plasma phosphate, cre-
atinine, and hematocrit were noted.
Discussion
The results of the present study clearly indicate that animals
with chronic HC1-acidosis, just like normal animals, manifest a
transient increase in net acid excretion and a persistent aug-
mentation in renal bicarbonate reabsorption when challenged
with persistent hypercapnia. The cumulative increment in acid
excretion observed over the first 4 days of superimposed
hypercapnia averaged 75 mEq (Table 2, Fig. 2). Given a mean
body weight of 16.3 kg, and a presumed apparent space of
bicarbonate distribution of 50% of body weight [15], this
increment in acid excretion was sufficient to account almost
precisely for the 9.5 mEq/liter increment in plasma bicarbonate
observed. That this sizable rise in plasma bicarbonate was
sustained during the chronic steady-state implies that the abso-
lute rate of renal bicarbonate reabsorption was markedly in-
creased. For this not to have been the case would have required
a fall in glomerular filtration rate (GFR) greater than 65%. In
view of the observed stability of serum creatinine concentration
(Table 1), such a fall in GFR seems untenable.2
We believe these findings, coupled with the accompanying
changes in plasma acid-base composition, shed considerable
light on the mechanism underlying the renal response to chronic
hypercapnia. According to conventional wisdom, the sizable
augmentation in tubular bicarbonate reabsorption required to
sustain secondary hyperbicarbonatemia in chronic respiratory
acidosis depends on some degree of hypercapnia-induced
acidemia. As is well known [1, 6, 9], and as confirmed here
(Table 1, Fig. 3), normal animals fully adapted to chronic
hypercapnia fail to restore plasma hydrogen ion concentration
to baseline levels; the lingering increment in hydrogen ion
concentration is characteristic of the chronic steady-state. The
novel finding of the present study is that the rate of renal
2lndeed, serum creatinine concentration fell in seven of the ten animals
studied and rose in none. Renal hemodynamics are known to be well
preserved during mild to moderate respiratory acidosis [16]. Nonethe-
less, a small decrement in GFR during chronic hypercapnia cannot be
excluded.
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Table 1. Changes in plasma composition during persistent hypercapnia in dogs with chronic HCI-acidosis and in normal dogsa
Unmeasured
Period
PaCO2
mm Hg
[HC031
mEqiliter
[H}
nEqiliter
[Na] [K] [Cli anions"
Creatinine
mgldlmEqiliter
Protocol 1
HCI-acidosis (N = 10)
Control 37 0.9 21.8 0.3 42 0.7 146 0.3 3.5 0.1 108 0.4 20 0.5 0.7 0.04
HCI-room air 32 0.9 14.7 0.7 55 1.4 144 0.5 2.9 0.1 116 0.7 16 0.5 0.7 0.04
HC1-6% CO2 54 1.0 24.2 0.8 56 1.4 147 0.8 2.8 0.1 108 0.8 18 0.9 0.6 0.04
Protocol 2
Normal (N = 9)
Control 36 0.9 22.0 0.4 41 0.8 144 0.4 3.6 0.1 111 0.5 14 0.4 0.6 0.05
6% CO2 53 1.0 27.1 0.5 49 0.9 145 0.4 4.1 0.1 107 0.5 15 0.3 0.7 0.06
a Values presented are the means 1 SE.
ii (Na + K) — (HC03 + C1).
P < 0.01 P < 0.05 NS P < 0.01 P < 0.02
Fig. 2. Cumulative changes in urinary net acid (H) and electrolyte
excretion during the 4-day period of adaptation to hypercapnia in dogs
with chronic HCI-acidosis. The significance level for each of the mean
values (horizontal solid lines) is indicated below the respective panel.
Each point represents the results in a single dog.
bicarbonate reabsorption can be augmented markedly by
hypercapnia in the complete absence of hypercapnia-induced
acidemia. As can be seen in Figure 3, the steady-state incre-
ment in plasma bicarbonate evoked by 6% CO2 in animals with
HC1-acidosis was sufficiently large to offset fully the acidifying
effects of hypercapnia itself. This observation constitutes the
first demonstration of an isohydric, chronic augmentation in
renal bicarbonate reabsorption by hypercapnia.
We recognize, of course, that forcing PaCO2 to rise abruptly
in animals with chronic HC1-acidosis,just as in normal animals,
causes plasma hydrogen ion concentration to rise immediately
above its baseline levels. Moreover, a substantial portion of this
immediate increment in hydrogen ion concentration persists
throughout the acute phase of hypercapnia because the new
bicarbonate rapidly derived from tissue buffering only partially
ameliorates the acidemia. For this reason, the results of the
present study cannot exclude a role for hypercapnia-induced
Net
Weight
kg
acid Na K Cl
PU4
mmolesmEq
19.2 +44.6 +23.1 + 11.6 +53.1 +7.3
14.8 +84.9 +8.0 —11.3 +32.8 +10.5
14.9 +96.4 +9.6 —5.7 +56.5 + 16.0
16.2 +73.8 +17.9 +7.4 +64.2 +20.4
Mean 16.3 +74.9 +14.7 +0.5 +51.6 +13.5
1 SE
acidemia in triggering the transient increase in renal acid
excretion that occurs during adaptation to prolonged
hypercapnia. What is particularly noteworthy is that the "sec-
ond wave" of new bicarbonate, that derived from the transient
increase in renal acid excretion, was sufficient in our animals
with chronic HC1-acidosis to extinguish fully the hypercapnia-
induced acidemia, restoring steady-state plasma hydrogen ion
concentration to its pre-hypercapnic baseline. Thus, what can
be excluded by the present study is a role for hypercapnia-
induced acidemia in maintaining the elevated level of renal
bicarbonate reabsorption responsible for the steady-state eleva-
tion in plasma bicarbonate concentration.
The results of the present study of primary hypercapnia are in
total harmony with previous observations from this laboratory
on the effect of secondary hypercapnia on steady-state plasma
bicarbonate concentration. In these previous experiments [171,
dogs with diuretic-induced chronic metabolic alkalosis were
studied in the presence and in the absence of the normally
occurring respiratory adaptation. The results indicated that a
sizable portion (approximately 40%) of the increment in plasma
bicarbonate in this acid-base disturbance is attributable to an
augmentation in renal bicarbonate reabsorption triggered by the
characteristic secondary elevation in PaCO2. Strikingly, this
renal response, far from being homeostatic with respect to
systemic pH, actually led to a further alkalinization of body
fluids. Clearly, this maladaptive behavior of the kidney to
elevated PaCO2 cannot be ascribed to a pH-mediated process.
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Table 2. Cumulative changes in urinary net acid and electrolyte
excretion during adaptation to chronic hypercapnia (6% CU2) in four
dogs with chronic HCI-acidosis
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Room air 6% CO2
[HCOl
mEq/iiter
Room air 6% CO2 Room air 6% CO2
Fig. 3. Changes in steady-state plasma acid-base
parameters during prolonged exposure of normal
(non-HC1-fed) dogs (open circles) and dogs with
chronic HCI-acidosis (closed circles) to a 6%
CO2 atmosphere. Each point represents the mean
of three observations obtained on consecutive
days in a single dog. Horizontal solid lines depict
mean values. Note that the large increment in
plasma [HCO3-] produced by chronic
hypercapnia was associated with a substantial
rise in plasma [Hf] in normal animals but with
no detectable change in the level of acidity in
HCI-fed animals.
These observations, taken together with the present results,
also fully agree with previous studies of chronic hypocapnia.
Both primary (hypoxia-induced) [4] and secondary (acidemia-
induced) [5, 181 hypocapnia evoke renal responses that appear
to be mediated by persistent hypocapnia itself rather than by a
pH-dependent mechanism.
Several other investigators have attempted to clarify the
relative roles of PaCO2 and pH in mediating the effect of
hypercapnia on renal tubular bicarbonate reabsorption, but all
such attempts have been confined to the acute experimental
setting. Many clearance and micropuncture studies have dem-
onstrated marked augmentation in bicarbonate reabsorption
during acute hypercapnia [19—251 and, in some, the change in
PaCO2 itself rather than in systemic pH appeared to be respon-
sible for this effect [19, 20, 221. Other studies have failed to
demonstrate much of a change in bicarbonate reabsorption in
response to acute hypercapnia [26—291; indeed, in two of these
studies, neither PaCO2 nor systemic pH appeared to influence
bicarbonate reabsorption at all in the absence of a super-
imposed change in plasma bicarbonate concentration [27, 281.
Adding further to the confusion, the results of a recent clear-
ance study suggested that an interplay between blood pH and
filtered bicarbonate load, irrespective of PaCO2, regulates bi-
carbonate reabsorption [301.
That acute elevations in Pco2 can augment bicarbonate
reabsorption has been shown unequivocally in both in vivo [311
and in vitro [2, 321 microperfusion studies in which the luminal
and peritubular environments are controlled. Jacobson [321 has
recently demonstrated a marked augmentation in bicarbonate
reabsorption by hypercapnia in rabbit proximal convoluted
tubule perfused and bathed in vitro with solutions containing 24
fflM bicarbonate. Although these studies clearly isolated the
influence of Pco2 on bicarbonate reabsorption from that of a
number of factors (for example, plasma bicarbonate concentra-
tion, filtered bicarbonate load, extracellular fluid volume, he-
modynamics, and various hormones), they were not designed to
assess whether changes in Pco2 or changes in pH mediated this
effect. This question was recently addressed directly by Sasaki,
Berry, and Rector [2] who also used the in vitro isolated
perfused tubule technique. When the bicarbonate concentration
of the perfusate and bath were held constant at 24 mM,
increments in Pco2 (and, thus, acidification of the media)
resulted in augmentation in bicarbonate reabsorption. By con-
trast, when bicarbonate concentration in the perfusate and bath
were increased in proportion to the increment in Pco2, thus
maintaining isohydric conditions, no augmentation of bicarbo-
nate reabsorption occurred. On the basis of these and additional
experiments, it was concluded that the pH of the peritubular
and luminal fluids, not bicarbonate concentration or Pco2, is the
critical determinant of bicarbonate reabsorption [2, 31.
That our conclusions and those of Sasaki, Berry, and Rector
[2] appear to be at such variance should not be surprising. After
all, there are vast differences between an intact animal studied
under chronic steady-state conditions and an isolated tubule
preparation subjected to acute experimental manipulations.
Among the differences that are likely to be of special impor-
tance are those related to the striking adaptation that occurs
during the first few days after the abrupt onset of persistent
hypercapnia [1, 6, 9, 33]. As already noted, it is over this time
period that the kidney acquires the ability to sustain the
secondary elevation in plasma bicarbonate characteristic of
chronic respiratory acidosis; this adaptation involves a gradual
augmentation in the fraction of filtered sodium reabsorbed with
bicarbonate and a reciprocal decline in the fraction reabsorbed
with chloride. This alteration in tubular function and the con-
sequent shift in the anionic composition of the reabsorbate
requires several days to reach completion [1, 6, 9, 33].
There is no a priori reason to suppose that those changes in
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bicarbonate reabsorption that are detectable acutely, and the
factors that mediate them, are in any way relevant to the
adaptive responses that gradually come to predominate during
the steady-state. It is conceivable, for example, that changes in
systemic pH are required to induce the small initial increment in
bicarbonate reabsorption characteristic of acute hypercapnia,
as suggested by Sasaki, Berry, and Rector [2], but that some
direct effect of persistent hypercapnia itself eventually super-
sedes, as suggested by the present study. The nature of this
effect is currently unknown but might involve changes in
intratubular acidity, carbonic anhydrase activity, Na +-H+
antiporteractivity, basolateral membrane bicarbonate exit step
or other mechanisms.
It is hoped that data obtained by applying in vitro techniques
to model systems in which PaCO2 is chronically deranged will
serve to clarify the adaptive mechanisms and thus provide a
satisfactory explanation for what is now a consistent finding in
the living organism: Sustained increments and decrements in
carbon dioxide tension, whether primary or secondary, influ-
ence the kidney in ways that cannot be accounted for simply by
an effect of systemic pH on bicarbonate reabsorption [4, 5, 17,
18].
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